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(54) SEMICONDUCTOR ELEMENT AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce an influence of returning of 
a strong light reflected on an interface between a board and a 
buffer layer to a light emitting area or a functional area of a device 
by setting the interface between the board and a layer formed 
directly above the board not parallel to an interface between layers 
containing no one or more positions of the board. 
SOLUTION: A GaN high temperature buffer layer 903 is inclined 
twice in a direction (1-100) on a sapphire board 901 and polished. 
An SiN selectively frown mask is formed to become an inclined 
direction in a wave guiding direction to the board, and a mesa 
structure is formed by etching a part of a GaAIN clad layer 910 t an 
active layer 91 1, a GaN etching stop layer and a GalnN dummy 
layer. Thereafter, a GaAIN clad layer 91 5, an AIGaN intermediate 
composition layer 915 and a GaN contact layer 917 are formed. 
Thereafter, a surface of the GaN layer 908 is exposed. Thereafter, 
a passivation film 918 is formed, and n-electrode 919 and a 
p-electrode 920 are formed. 
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aN3>*^ FJi(209). aifc*3e<D^1f=ltJS(210). 
^-->3>H(211), p*ffi(212) % nSffiCU3X if 
^>^K^ShSOSL/(2i4), i??>^ 
3 04l**Ufc<!:*©x?^:/^ffi(215), 
fc*<D^lH«jS(216)-C*S. 

[0043103 ^^©^^©Tfc^ft^f ffOI 

Sft9B-r*. 4-r*7T>f7S«(20l)±{cMOCVDtC 20 
iSfififiEfirCaN^^^ 7r-H(202)*}BJ5!Ebte. & 

7-H (203) ^8um^;^b/c 0 ;j«caiJ?x?*>#v;* 

£ (301) 4»B250unfaPB50umrJBfi!cL/te. (03a) ) 
7^>y«rtfC>x^^>^ffi (204) £OSO(214)*JI5 

isufc. (H3b)) c©«tr-A<Daasffitcs*-r 

T'&, (l-100)^[SjtC iiiRX 7 ?>^*7X^ (301)©X F 

^T^fc^tf. ccDSit^^e>x^f->ytr-A^ 30 

AlfU BftSffiCCfct^LyTtt. (0001)^6(11-20) 
X F7^7';frfafc:<£l>-a>T&. fc*-A©X F7-(7*fc: 
i^>«j ( X F^.7':£ft©l£##&&i;A,J: 

BtRX 9 £ (301)©X^- XgP7>CC^fS(204) 

X7^>^©SSJ:*) t>CaW"«v7T-IH(203)©/i: 
S*S«C>**S2*Ul^ iC6t, GaN/<?77-Jlttl 
0unfBK«T <C©gJt©1fi> r*5C£#SSU». 

C>„ x 7 * > y *tf 5 ilKx y*\s9-?X>? (301)© 
T*-Cx?*>ys*iS#. C ©<Stt«K4ffi(204)©e 
C©/c&ji«x?^>y^x^(30i)© 
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mk. MOCVDffiCC«tf3GaN/N*77 7-ji(205)£AlG 
aN£5? F 11(206). GaNjfc2/-f Fl£Gal-xInxN/Gal-yI 
nvNOMq^i^HiCaret^V FliiAlCaNSiS^P^^)! 
iGaNJfcfrV FlicfcO&SS14Ji(207) 1 AlGaNd^? F 
1(208). CaN=J>*^ Hi(209)4IB^fiRl/fc B (0 
3c)) ^^«4E(204)CC^L/c^ B B H ^PS©^^ 
l»3KK:l5fc** WifyV -f-ffi(C<fcOAlGaN*5y F 
1(206), GdltftJjJ Fl<bGal-xInxN/Gal-vInyN©M^ 
TfcJIiGa^tf^ FHtATGaNSSfc^O ? £JliGaN3fc# 
4 F!J:9tt£f§teBG07). AlGaN^ ? FJf(208), G 
ahin>££ FJi(209)S6(CGalV<^7 7-JB(205)©jfi 

ffl(204)±CCMi4^£lllE^f^^*l2um©^ YvAV 
$i§(210)£S"3*<£5£, Gald>£# FJB(209)£ AIGa 
N^7? FH(20©©— S#*-C*Xy*>y?|ft*l, 

fc. (H3d)) *<D&* ft*WR(2iLX pmffi(2i 
2), n««Ol3X iJBflEL/fc. (B3e)> 

«as«© <fc 5 4 v ^ tm&o \s— ?x*\mm&%<Dtc 

$><DX YvA 7^(210) <fc 0 feffittl (207)rtr©*« 

**JfeWfiC*Jl»"Ctt, S&20l£ GaN>* -J1202© 
ftl'IBB n-AlGaNll06£GaN)fe^V FH> Gal-xInxN 
/Gal-vInyN©MCW<J:^45^7fel, Gafet*'-/ FIB^fcft 
*J£ttJBl07ip-AlGaN^7 5r" FHiostDaliOftTlfffii 
3&sm52QS©«* L ^OGaN^^ ?77-l (203)^8uni 
tt*l/"Cl»5. t©fca6SS20l£GaN^7 7-Jf 202 

©^ -rif ffl-coBDM* l fc«*&> 6 6um«±-rn 

[0 044] *ISftW©U-1fiS^ (000i)ffi±£j&g 

■9/c. cntJMI4ffl©M^^(oooi)M^6iS2ogt > $> 
0. $EBg(114)S£— aLTl»&/c«>. AlGaNd/^^FJB 
(208)tCMg*F-t:>^l/fc»^. t§fl]Mcj?!g, 

+ y 7«R*st t>(c*s(ooi)ffi±K:J:t^ri840»*3&ssc 
[0045] *!8Wl«©5 %H2b)©<fc 5Cc^jsS0/cfe 
httH2a)©S^iJ:fc^ri!ni5^hSC i ©"C205-209C!)Ji 
y t <b § KSI o fc O 5 L (214)3&S 7* p -fe x ^tcflrtrc 
(!5ftW3)H4B, *^©^3©^«?!lT^7 7>f 
©ffi14«©*©3!»*|fil«:Si:ttKm-C*-5. ^*©40 

l-412tJ-€-n-e^S^(0001)fflT*^>i>^7 

(401). GaNfiiaflcfi^f 7 7-Hi5aiB^^9 7T-HJ: 
0ttSfB-^->77-li(402). «!SEfitcj:f)JBJ5E3 
ft/cn-Cal*BH'< ?7t-B (403). n-AlGaNi7 ^ 7 F (40 
4), GaN*^^ Ffl£Gal-xInxN/Gal-vInvN©M^7lcJi 
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tGWdiiU FB4AlGaN8SWn y ^B4GaNJfc#'f F 
B<fc0ft5r£t£B(405), p-AlGaN^ y KB (406). p-c 

ahP>£^ Hi (407), «»Sfe3g©^1f*jS(408), AlGa 
fttii*)B(409), X-^>^I (410). nfi(4U), 
pBffi(412yC*£. 

[ o o 4 6 ] ® 5 , 6 \tmA<Dmmm(o^mm^ 

ot»TSlMrS. *"flJ-7T>f7«(201)±KMOC 
VmcJc9 480Ct'45nrrk 108(XX*6urnf?£gL/cGah®--^ 
7 7 r -B(202)*JBj£Lfc„ ^CCS*>?>10unKDSi02V 10 
X#(501), 30umC7)X^-X, 200umCD-7X^(502), 50u 
m(DX^-XO»t300uro©^*->*aO£L^iaUfc. 
C©t*GaNS— ^ 7 7 -H (403), AlCaN^ ? y F (40 
4), GaK7fe^V FJB i Gal-xInxN/Gal-vInvNC7)M^7fe/i 
iGal^fe^V FB4AlGaNmSD7'a y 2mtCa$ttf-( F 
ft J: 9ft£?Stel(405), AlGaN^^^ FB(406) V GaNH 
hB(4O7)£a!R0ESOfc. t£t£05a)ti3§tR 

Ilt^i^ #&C, SiO2(506)£l.5umtir>^£-x>^ 
UT. CCDS102 (5 0 6) £tc ur«aE»s36©y 20 
tf-*i£(408)*J&£Lfc (06c) ). ^tC^it*fi(408) 
^AlGaNaiA^l (409)raft^/c(6d)) 7 
> J: D AlGaNtliA^Jl (409) 4 CaN^ ~ A v 7 7 -B 
(403)— T^rX y ^>#UTGiNSZ^ 7 7 7 - B 
(405)±«:nfllfi(4n) J &KiSSl/fc B £/cS102 (506) 4 

LfcfSK p Kfi (412)«:^ Ufc. 
(IHSW4 ) 0 7 CC*«W©»4 <DllttpJ©SicK«± 
fc»SE$ tifcW?SD&fil^»R4 «B» L <b ft 

. aM4*?-*7jVi\ s*(D7oi-7i3ti^n ; en^ti^(ooo 

1) [I"C&£p-SiCSfi(70lX p-GaN^ y J 7 ~B(702), 30 
p-GaNfli ip-CaAlNH^O^:^^ 7 7 FB (703) , GaN 
%i34 FB4AlGaNBifc:/n**B4GaNJfc;tf-f FB4Ga 
l-xInxN/Gal-vInyN^MQ^^Ii 4 GaN)fc # -/ K B <t 0 ft 
Si£ttB(704). S14JB(704)(D+<DCaK**V KJgtCjfJ 
RjEStl/cBSTffi^ (705) , n-AlGaN£ 7 y FB(706). n 
-GafO > £ # F B (707), nHt§(708X pm@(709), 
*m%<DffiW (710) fcjtf (711) % ARH- hR (71 

2) , MS(713)"C*S. 

*. ^-rsicSS(70i)±^MOCVDffi^c <: t:0GaN 
^?7 7-B(702)*Jft&l/fc. ^tcH8a)tciR-rJ:5 
ft, ^©*l^i*l»»»©a«3igl/^4r-->*» 
osioaaJRfiS;fivx^(80l)4»aEOte. CCt?, £H 
©»l>8B#ra:50urn, *l»8KKt300um4U 

©Stt6ooumt l/c 0 ^imtm^fm&^ML^ 

??\tlnmbbtc. #CCCal«44GttlNB<fc9ftS£7 
KB (703) , Gtf&tiiJ FBiAlCaNSS^a^^B 
4GaN3fc#-( K/iiGal-xInxN/Gal-ylnyNCDMCJ^TicliG 
aN*£V KB<fc , 5&SrSttB(704)«:MOCVD«Cj:S 50 
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miRf$X%ML. S14B(704)(D*©CaM3K#-f FB±<C 
BS*? (705) Sr^JfiUfc. CCDH^Xh^^fr 
<DKffiAB«:ia8b)W:>n-r. V X ^ <D£m<D&l,^ft-etZ 

«:J:0AlCaN^7 y FB(706)iGaiC3>4?^ h B(707)£ 
tel/c: <B8C> ). K©««lun«UrcaN3>5ri;F 
B(707), AlGaN^5? Fl(706), GaN^*/-/ KB £ AlGa 
N^SS£^n v £B4GaN}fc#'f FB4Gal-xInxN/Gal-yIny 
mm^^cM tQd^tiJ^i . FB<fc9&SiSttB(704). *5 
iCfCaNBtiCaAlNBiOfti^^v FB (703) <b*> 

2)£?f5J&U/c. ^*<DF5flJ*. AlGatfl (803) 

"CSaW&A,/*:. n»ffi(708)£pSfi(709)«:^jaL/c 
f& xv^>^tcj:0Ta»(804)Srl»*l/rHl*K:^ 
? 7*S® (710)4 (TXQiJ&tiZlrtc. *<DW) x^-*y< 
-ttCCl/TSiwrARR (712) *»JSLfc. X©», SB 
(711) ±CCSiWD>< ^ ^-S/ 3 >R*OWfc±t?M{fc 
A7i") A4Si02(DHRn- K M(713)OML/c 0 

[0 04 8 ] ^lafiW^u-if-cB^sofi^iErfiiw: 

S^(701)4GaN(702)(Dftf ^ffi4Si4B(704)Jli2CDl? 
®#M$4 L T C * S(Dr Sfi (701) 4 GaN(702)Oft |?ffi 

L /c3fc«ARn - FM (7i2)4JB« LfcSBS (7io)ffl!j 

TC4^T^/c 0 *te*«W©U— tfttS«4LTp* 

fc. * fcp-AlCaN*ffittB^fiS8} CCJgJiEt?* -SOT p ffll 
iffittBiCcjgjsSLfcii^Jctt^r. J:0«iiKK:Mtf& 
feffiftB*^<z)ffi:S^}qi$iJ-r s c 4 * fc. 
itcs *»eE©iecctegtt 4 ^ **ipi**««w ft ©r- 

©•CL*C»tt*TtfSC43&S'r*/c. 

[0049] #mmwr*i l z®m&3-z{mLtc&, »cc 
&s<fc o fem+mevgjgswc^-r^ 4»tc b % 

ZTifZ C 4 j&«-c*fc. c httrSttB^ttSOfiFaffi* 1 
e>^LT^S/c»fc^Brtrin»JS<Dm>»»^a 

[0 0 5 0] *gS»«-CttHfftt^*fWUiSH«cttA 

x 5 ft sbsbkis^ < 4 i> u - trial $ ^ 5 c 4 #-c * 

5)09 «C*«W©» 5 ©^J^<0^7 7 Y 7 

90l-920li1f7 7>f7SS(901), GaNfiiS^ v V 7 -B 
(902), GaNfiiH^? 7 r-B(903), Gah^Il^ ^ 7 7 - 
B(904), AlGaN4GaInNct 0 ft&MCJ^' 7 7 7 -B(90 
5), n-GaN^H^^77 7-B(906). n-GaInNB(907). n- 
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CaNl(908), n-CaA1NttJfflJffldM(909), n-GaAlN^ 7 
Kl(910), Cal^lc^V KliiGalnN/CalnNCDMCJ^^li 
GaInN*#V FJB4GaN3fc;tf-f FBiAlGaNjfctf-f KH<t 
9£t£r£ttl(911), p-CaNX7^^ h 7 7*1(912), P-G 
aAlN^7 Fl(915), p^lGaN*HfiJ&l (916) , p^G 
afC3>££ hl(917), >a >jg(918), 

S(919), P^S(920), p-AlCaNffiA^Jl(913) v n-GaAl 

7? -fTSffi(901)±CC v Jf £50n^l©GaN[£S^7 77- 
l(902), WS30Onn(DGaMiftia^9 7 7--HC903)*JBJ3E 10 
ft, GaNBfi-X 777-1 (903) £ a-100)*fiJtC2ffiffl» 
T13ffib/c. <£<DftGaf#~^7 7 7-1(904), AlCaN 
4 GalnNcfc 9 ft & AW* y 7 y -1 (905), Gahfl&Z^ 7 7 
7-1(906), GaInNl(907), GaNl(908), GaAlN+HH 
/&1(909), GaAlN^ 7 F1(910), GaN$bii 4 F14Ga 
InN/CaInN©M[3Ni^BiCaIn^*V KBtGaNJIM/^ F 
JIAAlGaNJIM/'f Flicfc 0 4^7614)1(911), CaNX^ 
* h 77*11(912), GalnN^ = -1£tT5I#0/c o tCD±t£ 

bfc;frfiitc£J;5CC$JffiU GaAlN^y F1(910)<D 20 
— SP, GaN3fc#-{ FIliGalnN/GalnNCDMC^TtlicbGalnN 
KH£GaW6#-f FH4A1Ga**/-f Kl<fcD4* 
SttJi(911) % GaNX 7*1(912), GaInN# 5 - 

IB*x?^>^Lryif«jit»«Ufc B C<D»p-AlCa 
■NBii*li(913). n-CaAlNa3i^Jl(914)*»J5Sl/fc. Si 
NR*»S Lfca««»©x ? * + > h * fctt F ^ A x 
7^>y-CCaInN#5-Ji4l»Sl//c. C<DQL GaAIN* 
vv Fl(915), AlCaN^HfflflEH (916) , GaN3>££ 
hB(9l7)*MOCVDMr$fi£Lfc. C©f& GaNl(9 
08)O-5P, GaA7N#PBlJMl(909), GaAlN^?7Fl(9 30 
10), GaAlN^^7 Fl(915), AlGaN^M^El (91 
6) , GaNn>£^ M(917)£x 7 ^> ^LTGaNl(90 
8)(0^B^ffiL/c o C<b'\k* , ^*7->^-->3>J§i(91 
©^JflfrSiifeK:. nm®(919), p»fi(920)*}g 

[005 1 ] *IISSW©*a»ftU-1frB««*WSL 

FloDM^g^K^-tcr*^ u— tf<DL£i>fii£T 
tf£c4#-C£fc. *fc«fiii£1«<D|fflfcM^£Rtt 40 

Sfi#R2ffi&oT:i»fc. JEK, GaInNH(907)£Rtffc 
i$&Z<DiU)<-Ct&V*tc 9 CflDj»*tt(O00l)ffi±-r 

Nit*** < tt^5E»^S&SAl(Wfeaii*JiCCffltr»-C 50 
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7) 4AlGaN^ 7 F)i(915)©4 , HKAiaj|E3i«-*e©4 1 PJ'C 

*SAiGawt , BftfiR)i(ai6)*SWfc 0 c©^-fa|f"ffi» 

(DF-b*>y?sg, pa* + y7i8K*±tf^-n^ 

AlGaN*HfflJffi)i (916) *»A*r'SC<ktCOi;«4fi 

«r *^*a * 0 *± w a c 4 ffiv $ tc. 
(nmme > a 1 o ^^ej^mscoiafe^ja)^^ 

JR^Ccnto^SHBttlBBir**. 1001-1014& (ii-24)ffi 

#{£<DAlNSffi(1001), AlN^' 7 7 7-1(1002), GaN>* 
77 t-1(1003), AlGaN/Ga^&^A7 7 7-l(100 
4), n-Cat^<7 7 7-1(1005), n-GalnN^^ 7 7 7 -1(1 
006), n-GaNH > £ ;7 h 1 (1007), n-AlGaN^ 7 77FI (1 

008) , GaN/GalnNCDS^F^clClOOg), p-AlGaN^ 
7 F 1(1010), p-GaN3>£^ h 1(1011), JBftKClOl. 
2), p«6(1013). nmS(1014)r^>a o CC-CAlNiGa 
Ni«2%£0»F2*3&$*53&J. attF A 7 7 7 -1(100 

^^(OOOWffiKlS* LTGaNO^r 4WlGaNCDii^2 

<DW:^<D 80C^ h 120c$ r ±3& 5 o /c 0 
[0 05 2 ] *H»WrBAll««4fflC^3&J. SS<t 

CCC)ti^(0001)ffl^^(ll-20)^^k:B§13SM^n^2-H 
(DSiCT (ll-24)^<b tj:Z>(DX\ *<D±«:ttai-24)*ffi 
©Gai«&sjs6St?* S J: 5 «c«c ofc. 
(ISKIW7 ) H 1 1 «*^(D^6C0||ffit?i)CD¥^ft?fe 
JRTCCBBtoSIRBBttWia'Cia. 1101«p^-Y7*0[)6H-5 

ic© (oooi)®^ h cn-20)*rSj«:ft80SfflM 0/cS«t? 

1102-1112^^3^^777-1(1102), p-AlGaN/ 
CaMBffi-f ^< 7 7 7 -1(1103), p-GaN^* 7 7 7 -1 (110 
4), p-GalnW* y 7 7 -1(1105), p-GaN3 > * ^ h Jl (i 
106), p-AIGaNi 7 "7 7 Fl(1107), GaN/GalnNCDST-*^ 
^7icl(1108), n^VlGaN^^ 7 Fl(1109), pM3aN^>^ 
^1(1H0) V MMHBdUi), nm®(iii2), pSfiai 

13)r$>^> 0 *|llfcW©Ji^JESfiLfc(^tt(44-81)ffl 
r^JS L tc. (OO(XL)H^ 6 (!L-20)*loJ(CjKj80tt« LtcS 
iCS^fflt^c©r, 2H©S1Crt^tt 688(44-81)^4 
— SC b tcm *Sffl r I » S . S1C4 GaNCDtt^-Sa^^ 5 1 » 
<D"C*$GaNCn02)*sjSlEfi-r ^ f^tcS^ 4 a<tt<Dffi3W&S 

JK<SR!|#i4^[Sl±r*fc. Itccpatcstcigs^sic* 

SfiOffi^fii^ (44-81)*C^> 9 , (ll-24)<Dii^fei±tC(E 
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[0 0 5 3 ] *^J6«r*tt6-H(Z)SiC«:flac^c3&S4-H*2- 

k m 3<^©sic*ffli>r<u>c4ttm5iT?fc& 

K *j|JIWI"t?ttSiC4SfitCffl^fc^(44-81)(3!)GaN* 

CaN^^l/^T^ F^~C(44-8i)ffi(D^^>r : fbTfS« 

4 (C^tceatt-f- #SfcBc x b' £ * £ A 4 10 

fc*^Sfet«r« (0001)ffi3&> ^80Sttttfc#2-H©SiCK: 
feWbT©(h m -h-ra n) ( |n/h|*/ctt |n/m|<D— ^3 
W±£fct*l/3tTK nttOTtt&lO ©fg»{*W3Wft> 

■CttSfiJCp 2 Y7'©fc<D£/B(,>fc£>\ n£^7*(D£>© 
(HMJ 8 ) Hi2tt*«!B©» 7 ©H*W©«SS5ft*S 20 

210^ j e^-E t nAl^fil201, CaNK-?-^tTJBl202, fiO.l 
un©AlNy— H81203, GaN3>£;7 Ml204, Si©^;** 
>£AK <t OJftSLfciK«a©n* >f T^y-X^ifcO 
5, ^>^tc£D^$Lfc^ifi©n£>f 7'©KIW 
>SWl206, *»Rl207, V-^*ftl208. h*fi 
1209, FU-f>*Sl21D-C*S. *j|*W*©Gah«^- 
^T»ttAlNil825B©tt^-^4^-rS. C©fctf>GaN© 
BSSR/Stt 2-3nrtfC* 0 *HJi*T' fc C ti&LT<DM £ K 
0&l^4a«^';-^^©itftJ*SKa)%tifc. GaN4A 30 
WWi^m^m^O&ty^Z fcGaAs4AlAs© 

i.5fggg*s. c©fc»2^« : f**x©aaB*af}^ 

# < "C* *HJ6«(DCaNK^f M®m 2 ttSKI©H 

^^Ml'OV Y -jtJMDts- hffifi«10el3cm-2J&l 
±©»fc>«#&.6*lfc. *fc, CaN^fTJll202©ffS3&s 

»+nm48<T*fcC4fcW«3 % **tty-f 

4**-C*fc. £fcATN, CaN©Blf«E3W(tliC4feW 

0, ft ^50GHzi*jBftfp3W5Tffi'C* ofc. If 7 7 ^ 40 

TSfehtcffM b fc»^ 4 S £ ai n©B 

# ^ C 4 <fc ^GaN^BffBlff «T 4 8 l> C 4 rt» 6> HI? 
©J£#*) < 1^7 7 ^ 7S«±fcEJ«©T -f ^ > v 
aVr^Lfca^iifc^T. h F M >IH<Z>«E 
£ 30%KLh*>t^ & C 4 j&st * fc. * fc Al N©fS*£«*#l« 

C 4 #T # fc. y- h 1203(D-aBirCC Si 4 K - f > ^ T 

5 4«CC2^«^ S C 4*s*t?* fc. 

9 ) H 1 3 tt#«9J©S& 8 ©^ifefll©1iW$m 50 
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39 h CCBBfe««JEBSSi?gia'C*S. 0*1301 

-1312«. SK(0001)ffl*P6 (U-20)*[nItCKlflKtf life 
SS1301 AlGaN/GaN©®&^^ 7 7 ~1302 v A1^7 
7 7-11303, GaNS^tf 11304, «?«S(DnStf^#6« 
*8SftJ0fcGaInNKU-r>3>$^ hll305 v Kflg© 
n^^4^0bfcGaInNV-Xn>^^ hll306. A 
lNy-Ml307, GalnlyKr- h3»ll308, *B»Rl30 

a KM>*ffii3io, y-h«fii3ix v-^*fii3i 

2T'*>6. *^tSffH-Ctt(l 1 -2 -8)ffi©GaN, AM A 
IGal^JGSStifc©?. n*-Y^©^«!&ttKDii*ti 

fcSicS«4ffl^fcC 4"C<ftfe3(a[^«< as±»^/h 

' * 7 t*ST # fc„ * fcAl ~ Jf 1303© J? 5 4 2 

unH±tcbfc»£«:«, y-h4 KU-f>RB©y-*» 

SS. *7fifl©£OX h-^4fetCALNS«±tCjgjaL/fc 

4 a * &g tt 34 ^ o fc 0 ^mmmv^m^mm 

©tt^-Sli^^S t^rK-T-^TlKD/is *10-15nm 

gS*"ds<*rac43&5T?#, *fcAiN4©-^rp^'; 

7 fciK < ^^>(Dr'2^7n^ J F-^CD^gT10el4crn-24 ^ 
T*fc*S. AlM.GaN.SiODSfifCBBLrtt, ^^^iBS 

■cfe, f6©*s©±tcitaLfcaf6©sfi*aij»i/fcfc 
OT^ctt^ *fc. /fs^+^w^^oiccjgjars* 

Ltcb<DT'Bk\,\ C©a^<D«Stt, ^+umW±4^c 

SfcSS4 LTttAlxGaylnl-x-vN (0 ^x<^l,0^y 
^1,0^ l-x-y£ 1)~C J: < , C CDW^tt^F- 3e»% A1N4 G 
aN4 InN©H©ff *©flCCS5E-C 1 5 ©tf^' X tdJU 

toss^fia-rsct^rsa. ^fcmaw^cin> 

[0 05 5 ] «S0off*[»l4 Lrtt«S(D»Sffi3&>6 

©of f ft & off©*ioj n u x^mom^mc 
-r3Ep«crtifc*[6it?* t <fc ^ c 4 \tm $ * -c t> & 

[0056] 
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[02] *B93©8-©*ttfltcMfoS*!lK*U-- f<0 

mmttwa. 

wmm. 

[05] *^©»=©SWW(cm>$^#u-if© 

[01 ] 
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[08 ] *^©»E3©»W©^W*U-'!f©WS* 

&©f8BSt&BJ3ttTM0. 

[09 ] *»»©»E©SiafcWKH*>4*aM*u-!f© 

$EB%lMIi0. 

[010] 49e«©HtA©%lkM(CBgfo2^lttJR^- 

©m^B^irie0. 

[011] «SW©»-b©Sttt«H:H*>5i6*i»fl*^ 
©fiKHKKiBB. 

[012] ^H©*A©XiMI(cH*>**#aMl h 7 
>5>X*-©WMMIiKlBH. 
[013] 4$9i©J|Ift©^MCCHfo*ftft»j|l h y 

>y^jf-©«Bttwiifffiia. 

[08] 




(13) 



«fH2 0 0 0- 1 83 46 0 




(5i)int.a. 7 

H 0 1 L 29/73 
29/778 
21/338 



F I 

H 0 1 L 29/72 
29/80 



(14) 



#182 0 0 0- 1 83 46 0 



29/812 
33/00 

F£-A(#^) 5F003 A201 BB90 BF06 BC06 BJ16 

BM03 BP11 BP32 BZ03 
5F041 AA06 CA05 CA33 CA34 CA40 

CA46 CA65 CA74 
5F073 AAU AA21 AA55 AA74 CA07 

CB02 CB05 CB07 M05 C&23 

DA24 

5F102 FA02 CB01 GC01 CD01 GJ02 
GJ04 CK04 CK08 CK09 CL02 
CL04 CL09 GM04 GN04 CQ01 
CR01 CR03 CT02 CT06 HC01 
HC15 



